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Fatty acid metabolism: Fatty
acid synthesis
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1. Fatty acids metabolism
a. Fatty acid synthesis

b. Fatty acid catabolism
Lipids metabolism 2. Cholesterol synthesis
3. Eicosanoids synthesis from fatty acids




Introduction

* FAs are synthesised whenever there is caloric excess in diet
Aalall e 3305 L5l 25 W (carbohydratesd)) caloriesd) <S58 Lal avally Leaniiai (il FASJ)

* Main pathway for synthesis is called de novo fatty acid synthesis ( de novo = 2 o)

ade yiely Jshl il s Sal 25a 50 FA cal 2 Gaob e (o aaal B85 (minor pathwayd) Jsti (Saa sl) 40Ul 43, Hhll

* Immediate substrate for synthesis: acetyl coA

* Final product: palmitic acid (16C, saturated)
16C e (s sins saturated s s a5 el 4! vl final productd! sie s palmitic acidd)!

 Synthesis needs: NADPH, ATP, biotin & bicarbonate (CO2)

(8 3_alaay) Wil Li&s L s ) <& reductive biosynthesis o= 3)be 8 (8 jray Al 43) L
synthesisd (& Jax s¢d (HMP shuntd! (» 4le Jeasiy ) NADPHJ o=

agdll 5 Ladally Lnde (yial g cclian ) lde 5l 5 cclia€a (ol o) Ul i) agll




Biosynthesis of FAs

* Pathway is called Lynen’s pathway (Feodor Lynen = Nobel prize)

pyruvate Ue iy glycolysisd! Luald L axy oY)

* Glucose by glycolysis - pyruvate (cytosol) U213 pyruvated J ¢ 5 (cytosoldy)
Gk o= acetyl CoAd Jsaii s mitochondriad!
* Pyruvate by PDH-> acetyl-CoA (mitochondria) pyruvate dehydrogenased

,acetyl COA lishay (Sas U j1as gl 5l glucosed = sla W acetyl COA) s» FAJ) gainail i Sl sraall 43 Jiny (ala
A5 yhall sl s 2oV QLY (K1 5 AT jalias kb (e (Sas
Acetyl — CoA derived from glucose & others is used for synthesis of FA by:
1) The extramitochondrial (cytosolic) system (site of FA synthesis)
2) The mitochondrial system

3) The microsomal system

{ FA elongation J

el sl = ) shunt 2 058 7o 4 A o=l s mitochondriad! Jals 4aliil a3 acetyl CoAd! Lein | cytosold) Jals axyial aiy FAJ) Lua
Aol | glamy agitals g J guingd 3 5 2 adasiy A systemsd) Wl de novo FA synthesis 4wl pathwayd) 5! shuntd) o=la 5 FAJ) aaiail

FAJ (Jsb V5 3n)



Extra-mitochondrial biosynthesis (Cytosolic)
=De Novo synthesis of FA (main synthesis occurs via this route)

* It is the main synthesis pathway of palmitic acid (C16, saturated) from
acetyl-CoA

* All other FA are made by modification of palmitate, so called stem fatty
acid ,palmitic acidd) Gi b 0e pemainal & =) main pathwayd) Gk oo persinai o5 L I FAJ)
stem FAJ awl 4l (3l palmitic acidd! <la (lie

[} ° - "\ \ > . . w . .\ o
* Site: The cytoplasm of many organs including: e W,

* Liver (most imp), adipose tissue, brain, lactating mammary gland [major sites]
* Lung [minor site]  (axonsd! ds> myelin sheathd! 4elia dlee ) myelination des 43) braindl 438k 5

e Bl s ) S5 Y 5 408 L bl il im0 L g




Transport of acetyl co A to cytoplasm

Gaob oo pyruvated) b 43 Ge juay AU 558 3 sall juay M oo T

= mitochondriad! Jax pyruvated! & ,cytosold) Jals glycolysisd) Fatty acid Fatty acid

citrate synthased &k oo 55 ,JAIAL gcetyl CoAd Js~b 7 Sus transporter MITOCHONDRIA =i CYTOPLASM
tllay 7 ) (e (TCA cycled) 1ase i) citrate Lk s oxaloacetated) g Jelity # beta oxidation PEATESS

&> 2 o citrate lyased) Gk (= & transporter e cytoplasmd! citrated! — [AcstiicsA : Acetyl CoA
acetyl CoAJ) u=la 5 (CoASH 5 ATP »laaiuly) oxaloacetate s acetyl CoAJ pelaty ’

FAJ! @-‘-hé-‘j aleilly TR Citrate ' Citrate

 Starting point of de novo synthesis is acetyl coA **iaga Aladit* 1/ .

(formed in mitochondria) Osaloicetate Gidoecelite

Js~i pyruvateds ,cytosoldh pyruvated J st glucosed! 43 wlull (als dliasa  Jia NADH
citrate shuttled & = e cytoplasmd! 4l&i 2 W s mitochondriad! Jal2 acetyl CoAd (s
NAD*
* Inner membrane not freely permeable to acetyl co A:
* > acetyl CoA units are delivered to the cytoplasm as
citrate

* - citrate transported from mitochondria via tricarboxylic acid
transporter

Malate

NADP"
4
NADPH
<+— Pyruvate

* In cytoplasm, citrate is cleaved to oxaloacetate &

aCEtyl COA Fig. 11.13. Transfer of acetyl CoA from mito-
chondria to cytoplasm by malate—oxaloacetate
shuttle. 1 = citrate synthetase; 2 = ATP—citrate lyase;

e Oxaloacetate can return to mitochondria as malate or pyruvate =™ TR Y
3 = malate dehydrogenase; 4 = malic enzyme
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Key facts about FA synthesis

* FA synthesis takes place in cytosol and uses NADP as co-enzyme for redox reactions

 Citrate shuttle is responsible for moving acetyl coA from mitochondria to the cytosol

 NADPH is an important co-enzyme for de novo FA synthesis; sources:
* Main source of NADPH is PPP (both FA synthesis and PPP occur in cytosol; no permeability barrier)
* Malic Enzyme: The reaction helps to transfer cytoplasmic oxaloacetate to the mitochondria

Malate + NADP* - Pyruvate + CO, + NADPH + H* **iaga Adati*

Malic enzymed G2k o= pyruvated malated) Jiss3 Gk oo s Gl sourced) s ,HMP shuntd) s» NADPHJ! JsY) sourced)!
V) Haaall aa iy G yaadll Jsan oY) malate dehydrogenased! ik o oxaloacetated) (e 0 4de Jiasiy malated)s
NADP dependent s I cytosolic isocitrate dehydrogenased! Giyb e s¢d Sl Haadl Ll NADPHJ! cullll
(NAD dependent s mitochondrial isocitrate dehydrogenased!)

e The building block for FA synthesis is malonyl coA (3C)

e 2C 4l &4 7 ) FA synthesisd) 25 ,malonyl CoAd acetyl CoAd) Jisa3 &b 7 ) <@ building blockd' s malonyl CoAJd 43 L
z reaction JS 43 Jiay (algd 3C e s s 4d) Lo 081 malonyl CoAd) ¢ ot ) 58588 7 5 2CJ) J =8 5 reaction JS & chaind!
decarboxylationd) Gk o= CO2 JS& Ao 45 S Le alhy
* FA synthesis in each reaction cycle adds 2 carbons that are derived from malonyl coA following decarboxylation

» Acetyl (2C) coA is used as a primer for C15 and 16 in palmitate = even number FA

* If propionyl (3C) coA is used as a primer = odd n FA is formed
e Short chain FAis formed if chain is released before reaching 16 carbons as in mammary glands



fd hesi Leagdi g step JS (2 processd) <o ya agall o gllaa (e structuresd) Laas**
Steps of de novo FA synthesis: processd) A =iy g Jasy AN ¢l 5 Leie A g5l enzymesd) o 2

1. The initial step of FA biosynthesis including carboxylation of acetyl CoA to produce
malonyl CoA (Step 1: Carboxylation)

This step needs biotin, Mn?2*, and an enzyme; ACC (acetyl CoA carboxylase) and biocarbonate
,Co-enzyme & uala (5S) # 5 biotind) aS! 43) iz (ala 3 CO2 48y Jelail) 43) Loy
Rate limiting step of FA synthesis ATPAl Bleiul 2 058 7 Ladl 5, Co-factor & Mnd) 25 52
The enzyme is allosterically regulated, the major effectors being:
> citrate (positive) ,productsd! s substratesd! S i e 3aaiea dalisy JS; 4)) allosteric regulationd!

inhibition Jex 7

* 8 acetyl-CoA (C2) - 1 palmitic acid (C16) 8 acetyl COA (ualiaxe Uial 1 palmitic acid i olic
* 7 of these 8 acetyl-CoA are converted to malonyl-CoA (2C)  .aey undl s malonyl CoAJ aeie 7 Jasat ot 7 Al s

cO2 palmitic acidd! primerd) 08 7 L) 5_a ) Jygas
Acetyl-CoA carboxylase
CH3-CO-5CoA > HOOC-CH2-Co ~ SCoA
Mn 2+ Biotin \
Acetyl- CoA |
ATP ADP + Pi Malonyl-CoA

L Caeld giall cand jie oli) agll




The fatty acid synthase multienzyme complex (responsible for all other steps of FA synthesis):

This system exists as a multi-enzyme complex
The active form is a dimer composed of 2 identical monomers opposite to each other
—> Itis a polypeptide containing 3 domains with 7 enzymes

Each monomer contains two SH groups, one attached to acyl carrier protein (ACP), the second is provided
by cysteine and attached to the enzyme 3-ketoacyl synthase 12 SH groups ke s siss monomer JS

3-ketoacyl synthasedl ilais 5 cysteine b e 4l 4l 5 ACPJL Alaia S5V
This dimer is arranged head to tail, so the SH group of ACP of one monomer is very close to the SH group
provided by 3-ketoacyl synthase (condensing unit) of the second monomer.

2 SH groupsd) J s sk e () shi 5 2 monomersd)s

1st Domain or Condensing Unit
It is the initial substrate binding site

2nd Domain or Reduction Unit

The acyl carrier protein (ACP) is a polypeptide chain having a phospho-pantotheine group, to which the acyl groups are
attached in thioester linkage.

- ACP acts like the CoA carrying fatty acyl groups

3rd Domain or Releasing Unit
It is involved in the release of the palmitate synthesised




head 4l monomer JS &us |2 monomersd multienzymed! ~& structural division be & b 5 ) salls (paild Ual L )
(KS 5 ACP) _AY) monomerd! taild! ge Juaie (558 monomersd) 2aY headd! Cumy | (ans (aSe (i e agdl aaMi s tail s
Cmlal 7 enzymes 4st 5 | s | slxids divisiond & enzymes de seae JS Cus functional division oS Ue 8 A
relaasing enzyme (TE)J! el

ACP
/ 4-pP
Op S | division SH
SH \  Structural QivIS
. SH
SH \\ ‘

Monomer?2

o | KS Ketoacyl synthase | ER  Enoyl reductase

3

; . AT Acetyl transacylase | KR Keto acyl reductase

e sl ’headd‘ jf) LJ)J: gﬁ‘ g5 LA; G Lo ‘).}‘SJ.M) MT Malonyl transacylase| ACP  Acyl carrier protein
Jheadd) 2 ACPJ) 43 J& ) siSall (Sl & sim gall (1o Jraldi 408

) X . ) HD Dehydratase TE  Thioesterase
(releasing enzymed) s¢d TEJI Wl taild) s KSJ)s




Ay ALyl A geun 48 getive sited) ae Jelili Hash intermediatesd) 4 multienzymed) o=l Slulay)
,Sobuia S = ) b S i Ad) Ja e one gene (x pgrial sl agdS 4uS i | Ay ) 8 enzymesd)
more efficient &S5 processd) (s pala

Condensing unit N Reduction unit ~ Releasing unit
N
CE — AT — MT — DH - ER - KR -ACP 0
N
\
N
\\
N .
<|3ys \\ ?H Transiocation  Advantages of Multi-enzyme
SH N SH Complex
I N I
SH \\ Cys _ _
\\ - Intermediates of the reaction can
\\ easily interact with the active sites
\\
, % - One gene codes all the enzymes;
@ ACP- KR - ER - DH N MT — AT CE :
N » Y so all the enzymes are in
Reduction unit . Condensing unit . )
equimolecular concentrations

beta-keto acyl synthase . .
CE = Condensing enzyme; AT = Acetyl trans acylase; MT = Malonyl trans acylase; DH = Dehydratase So the efﬁCIenCy of the Process 15
ER = Enoyl reductase KR = Keto acyl reductase; ACP = Acyl carrier protein TE = Thio esterase enhanced.




Fatty acid synthase - multienzyme complex

[ ’ % 4’-Phosphopantetheine
5 e
\ ". - .- ..
4’-Phosphopantetheine T Subunit division SH

Thioesterase -




Step 2: Three C and Two C Units are Added

(Step 2 : combining acetyl CoA and malonyl CoA to the enzymes) &l 5l agh s stepsdl sle: Lz AN
* ald g ol ghadl) Jaga 43) 3 jae o ST 4% gaa
* Step 2A: FAJ primerd) z\W) &5 stepd) sle
A priming molecule of acetyl coA combines (transfer of acetyl group) with —SH of cysteine

of one monomer of the enzyme
* This is catalysed by acetyl transacylase

S enzymed s ,enzyme e il (Ses moleculesd) 43) 44
(Step 2A) oals Y alisa Al enzyme 055 reactiond! catalyze Jex

Acetyl transacylase (AT) =2 efficiencyd) 330 3 s 4l (=la 5 multienzyme complex

Acetyl CoA + (CE)—SH=——» Acetyl S—(CE) + acetyl JI (81 KSJ) ae acetyl CoAJ) g2y stepd! sler i
(2C e s 5is) <l phadll Al el uéi g reactiond! ez transacylase

* Step 2B:

A malonyl coA molecule combines with the —SH of phospho-pantothenyl of the ACP in the
other monomer of the synthase complex
* This is catalysed by malonyl transacylase

(Step 2B)

Malonyl transacylase (MT)
Malonyl CoA + ACP-SH=* Malonyl-S-ACP +

(3C e s 5i)




Smm35

Jaxs aa2al malonyld)s acetyld) Y sl stepsd) s (8 sy 7 S
,attackd) dee (A (e a2 )8 aga (i) SU nucleophilic attack
(processd! aladl agdll agall Lild L (5 )

* Step 3 (condensation): the acetyl group attacks the

malonyl residue condensation _was 43) (o jmi (A agall  Siag
. Catalysed by 3 ketoacyl synthase (condensing enzyme) -
acetoacetyl enzyme sl 5 ,CO2d! liberation Le juay +
> Leads to liberation of CO2  acetoacetyl ACP Luksi stepd!
(4C o= o5 A
 Step 4 (reduction): The acetoacetyl ACP is reduced
by NADPH dependent beta-keto acyl reductase

beta-keto acyl J) Gk (e H 4la) juay # ) 4d) olixe (=l | reduction Jelé 43) La
> to form beta-hydroxy fatty acyl ACP <— Ul S el =iy reductase

 Step 5 (dehydration): by a dehydratase to form:

- enoyl ACP otherwise known as (alpha beta unsaturated acyl ACP)

U structured))

(step 2.A (=

U structured))

(step 2.B (»

? ACP—S—CO—CH,~COOH
Acetyl—=S— nyl ACP

(Step 3)
Condensing enzyme
or keto acyl synthase

(Step 4)
keto acyl reductase

Dehydratase
(Step 5)

Cco,

(CE)=SH

ACP—=S—CO—CH,~CO—CH,

Acetoacetyl ACP
or beta keto acyl ACP

NADPH + H"
E NADP?*

ACP—=S—CO—CH,—CHOH—CH,4
Beta hydroxy butyryl ACP

L H,0

ACP-S-CO~CH==CH-CH, (Enoyl ACP)

Lo ,H20 § 35 438 s Jelall (ala
(= double bond ¢ oS3 (52

*acyl is related to FA, not to acetyl | wilulS slaay 4dije 455 5 48lA 2ae sdasy g ) (Lo

beta C salpha C




8y ?‘G‘A\ = stha (i structuresd) bada | Su**
U enzymesd) <o =iy Leagdiy step JS 4 processd\

Step 6 and CyC li ng e =i JI sds e reactionsd! catalyzing Jext

ACP=S-CO~-CH==CH~CH, (Enoyl ACP)
. . : NADPH + H'
 Step 6 (2" reduction): The enoyl ACP is again reduced T e (
by enoyl reductase (ER) utilizing a 2nd molecule of [N naop'
NADPH to form butyryl ACP ACP—S—=CO—CH,;~ CH,~CH,
Lald i = pals H2 48la] G ad] Las 00 A1 NADPH S5 Pl ol g Butyryl ACP (4 carbons)
4C (3 O5Sh  butyryl ACP be ziiy Jd <SS U double bondd! (s ) (Steps 3,4,5,6)
o Cycling o f ReaCtionS: Repeat cycles6tim::ic()t<;t;|e:ac:;cles)
* The butyryl group (4C) is now transferred to the SH group of ﬁf‘g)
the condensing enzyme on the other monomer and; G

Palmitic acid (16 carbons)

* A 2nd malonyl CoA molecule binds to the phospho-
pantothenyl SH group
* The sequence of reactions (steps 3,4,5,6) are repeated

Feodor Lynen
' . NP 1964;
* The cycles are repeated a total of 7 times, till the 16-carbon 1911-1979

palmitic acid is formed
16C = 0sSih chaind Jeas L 4 (558 I stepsd) LSS e & cyclecs Jai =5 4C molecule e ziis step 6 Lugsl Lo 2x

ey s step 3d aai o Sus W primer gial (palisae e 43Y 1st and 2" stepsd! hadi 7 281 Gu  (palmitic acid)
N4 5 stepsd) 2 ax » 5 ,6C molecule i s stepsd 8L &3 ,malonyl residued) s butyryl ACPJ) (= condensationd!




Release of palmiticacid

 Step 7 (palmitic acid is released)

* The thio-esterase or de-acylase activity (TE) releases palmitate from the multi-
enzyme complex

e The end point is Palmitic acid (16 C) in liver & adipose tissue

* In lactating mammary gland, the end products are Capric (10 C) and Lauric (12 C)
acids

* Mother's milk contains these medium chain fatty acids



** et laa dage Jeldll e caath L”AJ\} Culd QA\ moleculesd! alaci**

So to form palmitic how many
acetyl CoA
Malonyl CoA
NADPH+H
Used?

1 Acetyl CoA + 7Malonyl CoA +14NADPH +14H™ —
1Palmitate + 7CO, +14NADP~ + 8CoA+ 6H,0




& Ay (K1 2C Al b ) Jl ) s

Elongation of FA chains (coicon’ maioni con) o

*cytosold) Jal juay ¥

e Occurs by a major microsomal system at the surface of endoplasmic

reticulum
* Using malonyl coA as 2C donor & NADPH as a reductant

* Reaction similar to de-novo FA synthesis (addition of 2C) but different as activities appear on
individual enzymes (not part of multi-functional enzyme) = coA esters used

de novo pathwayd! s multienzyme Ui ,individual enzymes Jaxiniy elongationdU 43 sa agall y JAY) CadEAY)

* Another minor system of elongation lies in mitochondria

* Uses acetyl coA as acetyl donor
* Reactions are reversal of FA oxidation (except that NADPH is used in saturation of double

bond c.f. FADH2 in beta oxidation)

* Brain have additional ability for chain elongation

* Producing very long FA chains C22-24 during myelination ) , . _ . :
B VETY 1onS & my U=t agic =i M) DMJ) ) fastingd! A

Fasting & DM (due to low insulin activity) abolish chain elongation elongationd! i z (insulind)
. . . dals Lgie bl 322) FAQN dale synthesisd) s
*DM = Diabetes mellitus ((glg) e =41 i) fastingd! J2A glucosed! braind)



Desaturation of FA chains o« cainy i double bondsd csss sums 00

(eu.;l\ zoi S PTEON| PLRVERIIIRE transd! 43Y cis

e Saturated FA precursors of the 2 most common mono-unsaturated FAs:
* Palmitate 2 palmitoleate C16:1 (delta 9)

» Stearate 2 Oleate C18:1 (delta 9)
*delta 9 = the double bond is between C9 and C10

Palmitic acid is more common
than stearic acid in the body

* Enzymes (desaturases) present in ER of liver & adipose tissue
» Responsible for desaturating FAs (i.e. adding cis double bonds)

* Introduce double bonds in newly synthesised FA by O2 dependent pathway

* Require NADPH or NADH, cytochrome b5, FAD-linked reductase

*ER = endoplasmic reticulum

* Human has C9, 6, 5 & 4 desaturases but LACK ability to introduce

double bonds from C10 to the w end of chain
* This is basis of essentiality of linoleic and linolenic acids

* Desaturation & elongation is pathway to arachidonic acid (20:4,
65,8,11,14) from dietary linoleic acid (18:2, §9,12)
oo Y lgle Joanll (Ka Y <8 AAD) o A3 A caddl 6 (mla 5, C10J) 222 double bonds aia e 3 )38l saie L avall
,(C18:3, delta 9,12,15) linolenic acidsJ s (C18:2 , delta 9,12) linoleic acid J' & AV sy (essential AAJY) ¢1xdl (& yha
arachidonic acid L s elongation 4_say (Sas linoleic acid e daasi b 22 Y

Overall reaction

Koo B e e,
CoA-S

10
Stearoyl-CoA
Or y

)OK/\/\/\/Q\/\/\/\
CoA-S

10 Palmitoyl-CoA

-CH,-CH,- + O, + NADPH + H*
—— -CH=CH- + NADP* + 2H,0

NADPH+H* 0,+H,0
XS CD1

NADP* 3H,0

Q@ )
)J\/\/\/\/\/\/\/\/\
Oleoyl-CoA
Or

Q 9
- )J\/\/\/\/\/\/\/\
CoA-S 10

Palmitoleoyl-Co.




Regulation of De Novo synthesis of FA

Acetyl —CoA carboxylase is the key enzyme:
Fatty acid synthesis occurs when carbohydrate is abundant and the level of
fatty acids is low Al sler 2w insulind) 18 43) La s FA synthesisd) ity CHOJ) 4eS ¢4 )
iz Jeldill haplidhy ) g2 al) ) ey [l

The availability of citrate in the cytoplasm is the most important regulatory
factor producing a short-term effect ATPJI (e S 25 51 insis () s citrated) i)
(L8 2 5 Ghe (piill dusd ¢85 Hl) S JS5 geetyl CoAd) s

Allosteric regulation:

Palmitoyl
-CoA

- palmitoyl CoAJ) 4w glas y*
citrated) 4 g i + inhibition dexis
stimulation Jex <+ -

Acetyl -CoA Acetyl-CoA carboxylase Malonyl- CoA




_ . ACCJ! 43} iz U=l insulind) 2 s kit synthesisd) 43 L g
3. Acetyl —CoA carboxylase (ACC): dephosphorylated &5 L active &5 «

The active form is the dephosphorylated:
- Insulin, suppresses cAMP, so it activates acetyl CoA carboxylase
- Adrenaline and glucagon have the reverse effect (phosphorylate or inactivate ACC)

- ACCis inactivated by AMP activated protein kinase (AMPK)
- AMPK is allosterically activated by rise in AMP relative to ATP

Feeding status:

CHO feeding stimulates insulin secretion which induces the synthesis of acetyl-
COA.

Fasting 2> { { insulin and T adrenalin and glucagon—-> { { glucose uptake
and utilization, so fasting inhibits FA synthesis.

Insulin Favors Lipogenesis :
Insulin enhances the uptake of glucose by adipocytes and increases the activity of pyruvate dehydrogenase, acetyl
CoA carboxylase and glycerol phosphate acyl transferase (see Table 24.4). Insulin also depresses the hormone
sensitive lipase (Fig.11.16).

Liall BLall 3 agur Jim (53l (e Llaad Y wl




Long term regulation of ACC
(dietary manipulation)

* High caloric diets 2 1 ACC synthesis -2 1 FAsynthesis

 Fasting/ high intake of polyunsaturated FAs, prolonged biotin
deficiency - | ACC synthesis - | FA synthesis

* Long term regulation occurs at genetic level by changing rate of

synthesis/ degradation of enzyme
* In DM - FA synthesis is impaired (restored to normal with administration of insulin)
« Stimulatory effect of FA synthesis in mammary glad through prolactin

Insulin, glucagon affect short and long term control of ACC



sl e 5 le 4t s Cilaga Gl sanld**

**ag_cjmﬁumul‘o.bsﬂ@)mj

Synthesis is not the opposite of oxidation

Well-fed state

During fasting

Lipogenesis increased
Lipolysis inhibited
Lipoprotein lipase active Glucagon activates
Insulin inhibits HS-lipase HS-lipase

Lipogenesis inhibited
Lipolysis increased

FFA in blood increased

Beta-oxidation

Fatty acid synthesis

Site
Intermediates

Enzymes

Sequential
units

Co-enzymes

Mitochondria

Present as CoA
derivatives

Present as inde-
pendent proteins

2 carbon units
split off as
acetyl CoA

NAD* and FAD
are reduced

Cytoplasm

Covalently linked to
SH group of ACP

Multienzyme
complex

2 carbon units
added, as 3 carbon
malonyl CoA

NADPH used as
reducing power

**Insulin inhibits Hormone Sensitive-lipase (HS),
while Glucagon activates it



Triacylglycerol (TAG)

* TAG: FAs + glycerol

‘**

**olaiead laa age liverd) s adipose tissued) o B4

Liver and adipose tissue are major sites of TAG synthesis
* |n adipose tissue = for storage of energy

* Inliver = secreted as VLDL & transported to peripheral tissues
*VLDL = very low density lipoprotein

Synthesis of TAG needs activation of glycerol & FAs
* Active form of glycerol is glycerol 3-P

* In liver & adipose tissue: glycerol is produced from glucose via DHAP (from glycolysis)
* This is active in presence of insulin *DHAP = dihydroxy acetone phosphate

* In liver only: glycerokinase phosphorylates glycerol directly

» Active form of FAis fatty acyl coA (via thiokinase enzyme by reaction btwn acetyl coA & FA)

Synthesis of TAG (reaction between activated FAs and activated glycerol)

Fate of TAG:
* In liver 2 exported as VLDL (bound to cholesterol, phospholipids and protein)
* |n adipose tissue = provision of energy when needed

Al dals die o378 | Caegd g culhia g &l J g s jo e Sleagind ) aglll




